Abstract-In rural Indonesia, soil-transmitted helminth (STH) infections cause health problems and impair social development. We investigated whether those problems could be solved by the use of household latrines (the 'BALatrine'). Our method was to study two villages, of which only one had household latrines. The dependent variables were environmental contamination (Escherichia coli in well water), STH-related illnesses and symptoms, and absence from work or school due to bowel infections. The village with latrines had less E. coli contamination. STH-related illnesses and symptoms were less prevalent among participants who had a latrine than among those who did not. Absence from work or school due to bowel infection was much less common among participants who had a latrine than among those who did not (6.2% vs 40.3%). In conclusion, the BALatrine could have important public-health and social benefits, and that hypothesis should be tested in a controlled longitudinal study.
I. INTRODUCTION
Sanitation in Indonesia varies widely between rich and poor and between rural and urban populations. In 2010, nationally, three out of 10 households still had no family latrine [1] . National baseline data from 2007 indicate that about the same proportion (29%) have inappropriate behaviour relating to defecation and less than a quarter (23.2%) have appropriate behaviour relating to hand-washing [2] . Only 35% of the rural Indonesian population has access to improved latrines, that is, facilities that hygienically separate human excreta from human contact [3] . Open defecation has been noted in 55% of the poorest households and in 18% of the richest [4] . In these circumstances, it appears unlikely that Indonesia will reach the Millennium Development target level of 75% sanitation coverage by 2015 [5] .
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across inhabited areas [6] . Most of the waterways in the rural regions of Central Java are used for sanitary purposes and many wells are contaminated [7] . Gastrointestinal infections are a major problem in Indonesia, causing 165,000 deaths in 2005 [8] . The Health Department reported that the rate of cases increased from 2000-2009, with a small decrease in 2010 [9] . Diarrhoea is the number one cause of infant mortality (31.4%) and is also the major cause of mortality for children under 5 years old (25.2%) [9] . In Central Java province, 420,587 people received medication from public health centres due to diarrhoea and 7,648 were reported hospitalized. Just under half (45%) of those affected were children under 5 years old [10] . Laksono [11] found that 84-92% of children in elementary school were infected by intestinal worms. Health Department research in 40 elementary schools in 10 provinces indicated that worm infestation affects up to 96% of students [10] . Hendratno also found high levels of pinworm infection (67.9% of students in Kandang Serang; 74.3% of students in Lambur Pekalongan) [12] . Anggoro noted that 56.9% of school children in Jakarta were infected with pinworm [13] . In Central Java Province, the prevalence of soil-transmitted helminth (STH) infections is high (Ascaris lumbricoides 45.6%, Ancylostoma duodenale 12.7%, and Trichuris trichiura 31.5%) and the prevalence of mixed infections is 59.2% [14] . In the same province, examination of over 2000 soil samples from 13 sites indicated a 45% positive worm egg contamination rate [14] .
Use of latrines could solve many of the problems caused by open defecation, both in regular daily life and also in emergency situations [15] . However, campaigns to promote the use of latrines in developing countries often fail, particularly when the technology used is not appropriate to the local environment and to the available human resources. Budi"s Amphibious Latrine (the "BALatrine") [16] is a household latrine designed to be made by local people using local materials in developing-country villages. It is compatible with the users" habits, funds, and environment. The BALatrine has two configurations: one for use if there is enough water for flushing, and one for use if such water is not available. It is inexpensive and can be copied by people with very limited income or by governments or private organizations. Details of the BALatrine and its construction have been published elsewhere [17] .
The BALatrine has been in use as a regular household latrine in Central Java for over 15 years [16] but a scientific analysis is lacking regarding its impact. As a first step, we have investigated, using quantitative methods, if there are health and environmental-contamination differences between a village that has introduced household latrines and a village 
II. METHODS

A. Setting
This study focused on two villages close to Semarang, Central Java, Indonesia, in the Gunungpati sub-district, which is a wooded, semi-urban area south of Semarang characterized by high hills. Both villages are in the same sub-district, but they are not close to each other. One of the villages had household BALatrines, and the other did not.
B. Design and Construction of the BALatrine
Much of the technology and many of the materials needed for the BALatrine are already available in villages in Central Java, such as mattock, crowbar, handsaw, trowel, small pieces of timber or bamboo, cement, sand, split stone, and pieces of PVC pipe.
Like many other squat latrines, the BALatrine is simple [17] . It comprises a septic tank or pit, a concrete plate or mold, and a removable U-bend water closet-barrier. With the dry option, a lid is required to minimise access by insects and the escape of odours. The dry option is not ideal, but is an improvement on pollution of waterways. For the "wet" option, a water closet (U-bend barrier) is added, which makes this latrine similar to others that have been found to be effective against the spread of STH infections [18] - [20] . A water reservoir is not recommended, as the still water would allow mosquitoes to breed.
C. Variables and Measurements
The independent variable was the household BALatrine (i.e., its presence or absence). There were three types of dependent variables: environmental, individual-health, and social. The environmental outcome was contamination of well water. The individual-health outcomes were five STH-related symptoms and illnesses. The social outcome was absence from work or school due to bowel infections.
Samples of water were taken from wells in the villages, and were tested for Escherichia coli.
A questionnaire (the "Helminth Education and Latrine Project" (HELP) questionnaire) was used to collect information regarding all village residents who were 3 to 70 years old. In addition to basic socio-demographic questions, the questionnaire collected data about housing conditions, knowledge of parasites and bowel infections, hygiene behaviors, STH-related symptoms and illnesses within the past three months, and the number of days absent from school or work due to bowel infection within the past three months. Survey researchers also examined each participant"s hands and fingernails, and recorded their cleanliness.
D. Data Analysis
Differences between the participants with and those without household latrines were tested with Fisher's exact test, the Mann-Whitney U test, and Pearson's Chi-square test, as specified in the Tables. Data were analysed with IBM SPSS Version 20.0, Microsoft Excel, and the "Open Source Epidemiologic Statistics for Public Health" at <www.openepi.com>. (Table I ) Biological, socio-demographic, and housing-related details are shown in Table I . The total number of participants was 804, of whom approximately half had a household latrine. With regard to age and sex there were no important differences between those who had a latrine and those who did not have a latrine. Also, in both of those groups almost 90% of the participants had completed at least elementary school. Regarding employment and income there were statistically significant differences between the groups, but the absolute differences were small. Housing conditions were worse among those participants who did not have a latrine. Fewer than half of them lived in a house in which all floor spaces were dry, whereas among those who did have a latrine almost three quarters lived in such a house (Table I) . (Table II) Personal hygiene related to STH infections was generally better among those who had a latrine than among those who did not (Table II) . On all nine self-reported indices of personal-hygiene behaviour, the percentage of participants who reported that they practiced "good" behaviour was higher in the group that had a latrine than in the group that did not have a latrine. The same was true for the three types of physical evidence of STH infection-related hygiene. (Table III) As shown in Table III , a total of 106 water samples were taken: 50 from wells used by households with latrines and 56 from wells used by households without latrines. Samples taken from wells used by households without latrines were all contaminated with E. coli. However, in the village with household latrines 40% of the wells had no E. coli. Also, 91% of the wells used by non-latrine households were highly contaminated (> 240 cfu/100ml) compared with only 16% of the wells used by households with latrines. (Table III) For all five of the self-reported symptoms and illnesses, the prevalences were higher among the participants who did not have a latrine than among those who had a latrine. (Table III) One outcome measured in this study that reflects the social impact of STH infection is the number of days of absence from work or school attributed to bowel infection. The percentage of participants who reported having missed at least one day of work or school due to a bowel infection in the previous three months was more than six times higher among the participants who did not have a latrine than among those who had a latrine (40.3% vs 6.2%). 
E. Ethics
III. RESULTS
A. Background
B. Personal Hygiene
C. Environmental Outcomes
D. Individual-Health Outcomes
E. Social Outcome
IV. DISCUSSION
This study has found associations between all of the outcomes measured and the presence or lack of a latrine. Specifically, in the village with latrines (a) there was less contamination of water, (b) symptoms of STH infection were less prevalent, and (c) bowel infection-related absence from work or school was also less prevalent.
Important aspects of personal hygiene relevant to gastroenteritis and STH infection were better amongst those in households with the BALatrine than amongst those in households without a latrine. This indicates the importance of health education and health promotion and improving the overall health literacy amongst villagers. For example, participants living in households without latrines more commonly cleaned themselves in the river or used leaves after passing a motion; they also more commonly drank water from wells or pipelines that was not boiled. They tended not to wash or peel fruit before eating it, not to wash their hands before eating, to eat without a utensil and flies more frequently got into their food at home. This is consistent with previous knowledge regarding behaviours that promote the spread of gastroenteritis and helminthiasis [6] . The clear differences in behaviour between those in households with latrines and those in households without latrines merits additional investigation.
Regarding the environmental outcomes, the present findings show, not surprisingly, that people who live with highly contaminated well water are at a high risk for gastroenteritis. This suggests that latrine development using a "total latrine village" strategy could decrease the risk of well contamination substantially.
One strength of this study is that it includes a "social" outcome: absence from work or school due to bowel infection in the past three months. As shown in Table III , such absences were much more common among those participants who did not have a household latrine. For students, absence from school is certainly important, although its costs in terms of opportunities and income foregone may be difficult to quantify. For a low-income worker, however, clearly the loss of income caused by even one day"s absence from work could be quite burdensome to the household. A follow-up study would allow more precise estimates of the economic losses caused by STH infections, and of the economic benefits attributable to household latrines.
V. CONCLUSION
At this stage, we are not able to make causal statements and additional research is required to identify conclusively that the introduction of a latrine such as the BALatrine leads to improved health and environment. While the results of the present study strongly suggest that implementation of the BALatrine is a very beneficial intervention, more work remains to be done. Specifically, the interpretation of the present results is limited by the fact that this study was cross-sectional. To overcome that limitation, a longitudinal, randomized, controlled trial of the effects of the BALatrine is justified. By revealing cause-effect relationships, such a study could more clearly answer the question regarding whether the relatively simple BALatrine can be an effective, culturally appropriate intervention against gastroenteritis and helminthiasis, and thereby help to break the cycle of disease and poverty. children in Lagos, Nigeria," Pakistan Journal of Biological Sciences, vol. 10, pp. 2208 Sciences, vol. 10, pp. -2212 Sciences, vol. 10, pp. , 2007 .
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